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Accepted for publication 20 September 1994 Onchocerciasis is a major blinding disease in the developing world. It is estimated that up to 18 million people are infected in Africa and Central and South America.' Of these, approximately one million are blind or suffer severe visual loss. 2 The clinical pattern of ocular onchocerciasis differs from one geographical region to another and sometimes between bioclimatic zones in the same region.3 For example, in west Africa, there are differences between rain forest and savannah forms of ocular onchocerciasis. The prevalence of iritis, chorioretinopathy, and optic atrophy is less in rain forest than in savannah areas. [4] [5] [6] only given where they do not confirm the findings of these analyses (at p>0 05). Adjustment for age, sex, and race was performed by direct standardisation using the total population of the hyperendemic area as standard.
Results

STUDY POPULATION
A total of 785 persons aged 5 years or more (range 5-80, median 25) underwent parasitological and ophthalmic examination. The age, sex, and race distribution of this study sample is shown in Table 1 . There were no previous histories of treatment with antifilarial drugs in the study population.
SKIN INFECTION INTENSITY
The overall intensity of infection by skin snip (Table 3) . This accounts for 75 3% of people with visual loss. Five people (0-6%) were bilaterally blind of whom three (0 4%) were blind as a result of onchocerciasis. The distribution of visual loss according to race and sex is illustrated in Table 4 . Most affected were black race and male sex. All onchocerciasis induced visual impairment or blindness was due to posterior segment disease.
ANTERIOR SEGMENT DISEASE Punctate keratitis. Punctate corneal opacities were seen in 264 (33-6%) people (Table 5) . (Fig 2) . Fifty per cent of those aged 50 years or more had this lesion.
Microfilariae in the anterior chamber (MfAC).
MfAC were seen in 227 (28-9%) people. They were more prevalent in the Chachi than blacks ( (Fig 4) . Sclerosing keratitis. No definite cases of sclerosing keratitis were seen in the study group. Mild temporal, nasal, or semilunar corneal infiltration was seen in 17 (2.20/o) individuals but these were attributed to age related effects.
Iridocyclitis. A total of 12 (1 5%) had evidence of past iridial inflammation with development of pupillary distortion, pigment loss, and anterior or posterior synechiae (Table  5 ). This was largely seen in blacks (3 1 % versus 0-6%, p<0-01). The prevalence of this lesion increased with age affecting 7-0% of those aged 50 years or more (Fig 2) .
POSTERIOR SEGMENT DISEASE Chorioretinopathy. Active inflammation of the choroid and retina was not seen. Chorioretinopathy took the form of either atrophy of the retinal pigment epithelium (RPE) or chorioretinal scarring. This was seen in 220 (28-0%) individuals (Table 5 ). There were no significant race or sex differences. The prevalence of chorioretinopathy increased linearly with age affecting 59.00/O of those aged over 50 years (Fig 2) . RPE atrophy was seen as either greyish mottling or confluent atrophy. RPE atrophy was seen in 87 (11 1%) study participants. RPE atrophy was seen most frequently temporal to the fovea (79-3% of cases) and was bilateral in 49-4% of affected individuals. Chorioretinal scarring was seen in 133 (16.9%) people. The spatial distribution of these lesions in the retina was similar to that of RPE atrophy with 66-9% found in the temporal quadrant. Chorioretinal scarring was bilateral in 51 9% of cases.
Optic nerve disease. Non-glaucomatous optic atrophy was noted in 40 (5 1%) people (Table  5) and was frequently associated with increased peripapillary pigmentation and central retinal vascular sheathing. This lesion was predominantly seen in blacks (8-0% versus 3.4%, p<0 01) and males (6-7% versus 3-1%, p<0 05). There were four cases (0 5%) of papillitis. The prevalence of optic atrophy increased with age, affecting 1 5 0% of those in the oldest age group (Fig 2) . Of the 40 patients with optic atrophy, 36 (90 0%) had evidence of other onchocercal ocular lesions, which is significantly greater than expected by chance (p<000l). In addition, 29 (72-5%) had chorioretinopathy (22 with ring and seven with RPE atrophy). Glaucoma was seen in three (0-4%) individuals.
Relation between ocularfindings and microfilarial infection intensities. Geometric mean infection intensities in the skin and anterior chamber were strongly correlated (Table 6 ; p<0001). Though MfS did not correlate with MfC, there was a strong correlation between MfAC and MfC (p<0-001). Punctate keratitis correlated significantly with MfC (p<0-001), while chorioretinopathy correlated with both indices of ocular microfilarial intensity (p<0-001). No associations between optic nerve disease and iridocyclitis and skin or eye microfilarial intensities were seen. The presence of chorioretinopathy and optic nerve disease were associated (p<0-01).
Discussion
Visual impairment or blindness attributable to onchocerciasis was seen in 8-2% of those examined and 0 4% were blind. Onchocerciasis accounted for 75-3% of all visual loss in this study group. Equivalent estimates of blindness rates in other American foci are 0-5% (all causes) in Guatemala, 0.040/0 (all causes) in Mexico, and 0d14% in Venezuela.14 No onchocercal blinding lesions have been reported from Brazil and Colombia.'4 These reports do suggest significant differences in blindness rates between the American foci. The blindness rate found in this study is likely to be a considerable underestimate of potential ocular morbidity for two reasons. Firstly, the mortality of blind people in this focus is extremely high and the life expectancy once blind is very short (unpublished observations). Blind people are not cared for by their communities and as the houses are scattered sparsely along the rivers, which is the only means of transport, the blind must, in order to survive, be able to navigate the rivers and cultivate subsistence crops unaided. High mortality of blind people with onchocerciasis have also been reported from west Africa where these may be three to four times greater than of people of the same age who can see. 15 Secondly, there is evidence to suggest, even within the hyperendemic area, that the infection has appeared relatively recently. This is partly explained by Age (years) Figure 3 Geometric mean microfilarial intensity in the anterior chamber (MfAC) by age. Means +95% confidence intervals are shown. (Table  5 ). The presence of microfilariae in the anterior chamber is often taken as an index of ocular disease in onchocerciasis: 33 5% of the study group had this finding. Of these, 24 (3 1%) had 20 or more microfilariae in the anterior chamber. Twenty or more microfilariae in the anterior chamber is regarded as a risk factor for blinding onchocerciasis.3
Iridocyclitis was seen in only a few individuals (1 -3%). This may be because only advanced iridocyclitis was included in the analysis (for example, the presence ofpupillary distortion or anterior or posterior synechiae) resulting in an artificially low figure. Optic atrophy was seen in 5d1% of those examined and chorioretinopathy in 28-0%. This reported characteristic fundal lesions in 11 9% of 277 infected individuals from the northern focus. Only anterior segment disease is reported from Brazil. 14 Thus, there seem to be considerable differences between these foci both in terms of disease severity and clinical features. Such differences may reflect factors such as different parasite strains, environmental, or host differences. Parasite strain differences have been proposed to explain the differences between the severity and pattern of ocular disease between rain forest and savannah areas of west Africa2l as well as similar differences between rain forest foci in the Ivory Coast and Sierra Leone. 22 The mean microfilarial loads in the anterior chamber of the eye and the skin were significantly correlated. This pattern is also seen in savannah23 and rain forest22 24 A number of race and sex differences were seen in microfilarial indices and ocular lesions. MfS levels were significantly elevated in both the Chachi and males. Raised skin counts in males is a common finding26 and may reflect increased exposure or hormonal factors.27
Likewise, higher skin burdens in the Chachi may reflect greater exposure to blackflies. Punctate keratitis and MfAC levels were greater in the Chachi which may be explained by the greater skin infection intensities seen in this group. The reason for the increased frequency of iridocyclitis and optic atrophy in blacks is unclear. Alternative aetiologies of optic atrophy such as toxins and nutritional deficiencies were considered but the close relation with chorioretinopathy and all other ocular lesions combined as well as the epidemiological changes over the last decade (discussed above), make such alternative explanations unlikely. The increased prevalence of optic atrophy, as well as iridocyclitis, in blacks may more simply reflect a racial susceptibility to this type of pathology. Racial differences in the prevalence of ocular lesions in onchocerciasis have been investigated by others. In one study iridocyclitis was found to be more prevalent in Guatemalans and optic atrophy more prevalent in west Africans5 and in another more severe iridocyclitis was seen in Guatemalans than in east African onchocerciasis, though there were no differences in prevalence of fundal lesions.20 However, the comparison of geographically separated racial groups is a less satisfactory approach as a number of factors that may influence the prevalence of ocular lesions such as parasite strain and transmission rate are certain to differ. With the exception of optic nerve disease, there were no sexual differences in the prevalence of ocular lesions. This is often seen in rain forest foci of west Africa. 26 Our results demonstrate significant rates of ocular morbidity in this rain forest focus of onchocerciasis. These findings represent ocular disease found in those infected living in the hyperendemic focus and thus reflect ocular disease at its severest in the Esmeraldas focus. Possible biases resulting in the self selection into the study of those with ocular lesions cannot be excluded as we do not have comparable data on those eligible but who were not recruited into the study. If such biases were present we would expect the dermal microfilarial counts, which correlate with several ocular lesions, to be higher than that found in the general population. In fact, the study group had lower counts (data not shown). Likewise, though there were differences in the age-sex-race composition between the study group and general population, standardisation for these factors resulted in only slightly reduced estimates for all ocular lesions (Table 5) . Therefore, our results are likely to be a true reflection of the situation in the hyperendemic area where 87.6% of the population are infected. 10 It is hoped that with the mass distribution of ivermectin, currently under way, that the development of new lesions and progression of old lesions may be arrested and that the continuing evolution of ocular onchocerciasis that the unique epidemiology of this focus suggests, may be halted.
